other countries. The final version of the syllabus was introduced in 2003, with full implementation in all schools across Queensland occurring over a period of three years. In order to ensure the successful introduction of the syllabus, it is important teachers develop an informed acceptance that this new learning area can make a worthwhile contribution to students' understandings of technology concepts and processes, their technological capabilities, and their development into lifelong learners. In effect, all students should acquire a basic understanding of technology and its impact on society (Custer 1995) .
Such an assertion implies that teachers should possess a personal knowledge and understanding of the content and processes of design and technology, and possess related pedagogical content knowledge and pedagogical knowledge that will guarantee the successful implementation of any technology syllabus and ensure students' attainment of a basic understanding of technology. Further, it implies that teachers must be aware technological activity can be conducted in a variety of contexts and in a variety of ways. Teachers should also be cognisant of the thinking students engage in, when problem solving in technology, if they are to capitalise on critical incidents where students may refer directly, or indirectly, to the content and processes of technology, and to engineering and scientific principles (Stein et al. 2002) .
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Twenty years of technology education
Twenty years of technology education and associated research have provided much information about primary school teachers' personal capacity and capabilities for teaching technology, although only a small portion of relevant literature will be drawn upon for the purposes of this paper. Where technology education has been introduced as a learning area in other parts of the world over the past twenty years, primary school teachers have experienced a variety of difficulties. These difficulties have been related to practicing teachers' (Elton 2005; Jarvis & Rennie 1996) and preservice teachers limited understanding of the phenomenon of technology; a limited understanding of technology concepts and processes (Holroyd & Harlen 1996; Parkinson 2001) ; their struggles to conceptualise the whole technology learning area in line with national frameworks (Mittell & Penny 1997; Stein et al. 2002) ; their limited knowledge of specific tool and practice skills (Anning 1994) ; and a low level of confidence in their ability to teach technology and lack of personal experiences with the area (e.g., Australian Science Technology and Engineering Council (ASTEC) 1997; Elton 2005; Holroyd & Harlen 1996) . It is possible that many teachers in Queensland will face identical challenges as they endeavour to conceptualise the teaching and learning of a new subject area in a variety of contexts.
In what ways can 20 years of technology education and associated research help classroom teachers? Again, only a small portion of relevant literature related to technology knowledge, technology processes, and pedagogical issues will be surveyed here. The notion of a technology knowledge base for teachers is pivotal for effective teaching of technology (Jones et al. 2001) .
A feature of their study was the development of a planning format for teachers that would assist them to identify specific concepts they would cover in different technology areas. In addition, Jones and Moreland (2004) reported positive outcomes from using planning formats and cognitive tools to enhance teachers' pedagogical content knowledge. McCormick (1997) has Technology Education and Syllabus Implementation 6 drawn attention to the importance of conceptual knowledge, particularly in its relationship to procedural knowledge, and, in a subsequent paper (McCormick 2004) , explored three interrelated issues of relevance to teachers. McCormick articulated responses to these issues which we have presented here as three questions: what is the nature of technological knowledge; what is the relationship between knowledge and situated learning; and how is the learning that takes place related to context? It has been acknowledged that technology processes (or the design process) are complex and may be described as cyclical or recursive (Johnsey 1995; Kimbell et al. 1996; Kimbell & Parry 2001) . Investigations into the classroom activity of novice students attest to the complexity of the design process (Welch 1999; and have important implications for what teachers might expect as they challenge students with design briefs. Lee and Todd (2004) also acknowledge the importance of the design process and have presented evidence of the effectiveness of several strategies teachers can employ to support students in the formative stages of designing. The ways teachers in two countries translated curriculum requirements for teaching design in the classroom have been investigated by Hill and Anning (2001) . They noted differences between teachers' and students' designerly thinking and behaviours and the designerly thinking of professional designers and labelled these respectively as 'school situated design' and 'workplace design.'
The fine-grained analysis of designerly thinking and actions of preservice teachers as they worked on open-ended technology projects, conducted by McRobbie et al. (2001) , provided rich insights into the design processes adopted by the teachers and the findings have implications for preservice and inservice programs. In a similar study of primary school students, concluded that the fine-grained analysis of the students' designerly thinking and actions could inform educators about how they might enhance the Technology Education and Syllabus Implementation 7 competence and confidence of teachers to assist students with the design process resulting in improved learning outcomes for their students. Wilson and Harris (2003) , in their analysis of effective teaching and learning of design and technology, reviewed a number of pedagogical issues that confront classroom teachers. For example, Wilson and Harris referred to Hennessy and Murphy's (1999) belief that collaborative learning is insufficiently used as a teaching method by teachers. Further, Murphy and Hennessy (2001) suggested that for collaboration to be effective teachers must have a range of activities prepared which cater for individual needs and various time commitments. However, the routine use of group work in technology cannot be described as collaboration (Wilson & Harris 2003) , and Burgess (1998) questioned the efficacy of lower ability students working with higher ability students in groups. Both low and high ability students derived positive benefits in the form of increased motivation and self-image from a scientific-technological problem based learning approach Doppelt (2003) , a result in accord with findings from prior studies into meaningful learning through problem based learning (Barak & Doppelt 2000; Doppelt & Barak 2002) . Similarly, positive benefits were derived by students with limited experiences using construction materials from the classroom use of structured teaching-learning packages for explanation or constrained problems (Doornekamp 2001) , and Twyford and Jarvinen (2000) have described the benefits for students when teachers employed open-ended but focused teaching approaches. However, Ginestié (2002) cautions that although guided approaches may allow students to experience success by choosing a teacher's predetermined solution, their learning may be inadequate compared to learning through engagement in more open ended approaches where many solutions to a problem may be possible. Other studies indicate that teachers should be encouraged to allow for more 'risk taking' in technological activity (McCormick & Davidson 1996) , and foster higher order thinking and questioning capabilities in students (Stables 1997) .
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The above survey and analysis of a small portion of relevant literature related to technology knowledge, technology processes, and pedagogical issues over the last twenty years provides a backdrop to the research study described in this paper. A project was conducted to investigate the introduction of the new Technology syllabus into one Queensland school and the outcomes of the study are reported in this paper. The school was one of 10 selected by Education Queensland to play a leadership role in the full state-wide implementation of the syllabus. The objectives of this paper are: (a) to identify and analyse the initial and ongoing issues affecting teachers as they tackled the implementation of the new technology syllabus; and (b) to evaluate the effect of twenty years of technology education and associated research on the essentials of classroom syllabus implementation.
Methods and Techniques
In order to understand the purposes and meanings the participants in the study attached to their statements and actions, an interpretive research methodology was adopted by the researchers (Erickson 1998) . The collection and analysis of data were guided by employing the criteria of trustworthiness, authenticity and the benefits of the hermeneutic process (Lincoln & Guba 2000) . Triangulation, involving the use of multiple data sources, ensured the probability that emerging assertions were consistent with a variety of data was maximised.
Participants
The participants were eight teachers (7 females; 1 male) and the principal (female) of a small Grades 1 to 10 rural school (Farmland State School -a pseudonym) in Queensland. The teachers normally taught composite classes in the primary school from Grades 1 to 6 (e.g. composite class of Grade 1 and 2 students; composite class of Grade 3 and 4 students), and/or specialist subject areas in the middle school from Grades 7 to 10 (e.g. English; Science; Mathematics; Business Education; Home Economics Education). The names of the principal and teachers reported in the Findings section and subsequent discussion are pseudonyms. 
Data sources
Initially, a meeting was held with all staff and the principal of Farmland State School to explain the research project and negotiate the extent of teacher, principal and researcher involvement. Immediately after the first meeting, all participants completed the survey instrument, Technology Syllabus Implementation Questionnaire (TSIQ). This instrument, described in more detail in the next section, was used to probe teachers' perceptions of their capabilities to implement the Technology syllabus and the capacity of the school administration and school environment to support their implementation of the syllabus. The principal completed a modified version of TSIQ designed for school administrators.
Other data sources included formal and informal interviews with teachers at the commencement, and during the implementation of their technology units of work. They were asked to reflect on issues affecting the implementation of the unit, and their ongoing needs for personal and professional support. Teachers also reflected on the role of administration, the school culture and environment, and resources and activities required to foster their continued professional development. The formal and informal interviews were audiotaped. Additional data sources included classroom observations collected using videotaping and audiotaping techniques, and field notes. Artefacts including planning documents and resources used were also collected. 
The TSIQ instrument
The TSIQ instrument (Part A) was adapted from the Science Curriculum Implementation Questionnaire devised by Lewthwaite (2004) . The main adaptations were changing all references to science to the term technology, and changing references to teachers in general to "I" statements in a number of items. Similar to the source instrument, TSIQ consists of 49 items and 7 scales, with 7 items for each scale. An individual teacher's perceptions were determined on a 5 point Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). Important attributes of TSIQ are shown in Table 1 . 
Data analysis
The individual mean scale scores for each teacher and the principal for each scale on TSIQ were calculated. The overall mean scale score for each scale and corresponding standard deviations were calculated for the teachers as a group.
The qualitative data were analysed for evidence of the impact of content and pedagogical issues (e.g. technology content knowledge; knowledge of the Technology syllabus; and how to teach technology) on teachers' planning and implementation of technology learning experiences. Evidence of teachers' needs associated with professional development and requirements for administrative and other forms of support within the school environment was also sought. Data on teachers' participation in professional development activities were analysed to determine the nature and frequency of those activities; and the effects of professional development activities on their planning and practice. The nature and impact of the school principal's role on the implementation of the syllabus were also analysed.
Professional development activities
The professional development activities the teachers engaged in, from the announcement that the school had been nominated as a leading school in Technology to the conclusion of the research study, are outlined in summary form in Table 2 . The activities are shown in approximate chronological order over a period of nine months and the activities initiated by the school principal are also identified.
The sequence of professional development activities began with the attendance of teachers from approximately 30 schools at an initial School District inservice program organised by the principal of Farmland State School. The focus of the one-day inservice was an initial examination of the main features of the syllabus and the implications for teaching and learning technology. Three cluster school groups were formed at that time with Farmland being appointed as mentor school for one cluster. Cluster school meetings were held on a number of occasions to review progress on planning and implementation of the syllabus.
Technology units of work prepared by teachers at Farmland were used as exemplars for analysis and critique at these meetings.
Three teachers from Farmland school attended the launch of the leading schools in Technology project hosted by Education Queensland. Teachers and principals from the ten leading schools gathered at the conference to be briefed about the project, and to share ideas about how they would proceed with the implementation of the Technology syllabus in their respective schools.
The researchers conducted a one-day professional development workshop at Farmland school. A number of facets of technology education were explored including: understanding the curriculum specifications and structure (e.g., strands; core learning outcomes); investigating technology concepts and processes through activity work (e.g., testing the strength of materials); and strategies for authentic assessment. In addition, a member of the research team (RSD) worked actively with the teachers for the second half of the semester.
The researcher provided guidance and advice for planning and implementation of technology units of work and was present in the classroom during a number of the learning experiences.
Particular attention was paid to assisting teachers with the assessment of student learning during, and at the completion of, the units of work. Two teachers at the forefront of Technology syllabus implementation at Farmland school conducted intensive one-to-one mentoring sessions with selected other teachers in the school.
In these sessions, the mentor teachers provided specific advice and support for the planning of technology units of work and assisted with the classroom implementation of those units.
Findings
In the first part of the Findings section of the paper, the quantitative data presented in tabulated format are examined to identify the initial and ongoing issues affecting teachers as 
Teachers' perceptions
The individual pre-and posttest mean scale scores on TSIQ-Part A for each teacher for each scale are shown in The assertion that teachers' classroom practice had changed was found in the voices and actions of the teachers themselves. The changes in classroom practice are examined in detail for two teachers (Arthur; Eve), followed by a brief summary of other noted changes. Quotes used are drawn from informal and the final interviews.
Arthur: Arthur's first attempt at implementing a technology unit of work with his Grade 5/6 students was the design and construction of bird accommodation for the school. It was also his first attempt at using a problem solving approach in any subject that he had taught. Arthur resorted to a strategy he termed a design challenge, a way of challenging students' thinking he had discovered in in-school staff professional development activities and the first cluster school professional development meeting he had attended. The strategy involved presenting the students with a scenario, which he wrote on the whiteboard. Kay, a colleague primary teacher at the school, had informed him, previously, that the "Students would come up with the ideas." Although initially sceptical, he was convinced when "The kids just rattled off twenty to twenty-five odd things that they will have to learn in order to solve the problem, and it was spot on, exactly what we had planned for. It was good."
Arthur noted another change in his practice when he expressed the belief that he was not directly teaching a large amount of content any more. He remarked:
It hit me today. I don't find myself teaching these children a lot of content. I think they find it out for themselves. You do not write it on the board and get them to copy it down. They have a lot more ownership of their learning. You have to really lay your trust in the kids, and it seems to be working. A child went down to the public library who would never step in the library before, but he needed the information for his project.
The day-long professional activity provided by the researchers involved an examination of ways of testing the strengths of various materials. A number of fibres were tested to breaking point by the controlled addition of various weights. Arthur capitalised on the usefulness of considering relevant material properties in the bird accommodation technology unit of work.
Working with the secondary school technology teacher who had expertise in the properties of materials, Arthur encouraged his students to test the suitability of a variety of timbers from which the bird accommodation could be constructed. He observed:
The children looked at the properties of strength, flexibility, and durability (of the timbers). Some children even boiled theirs in hot water to simulate (weathering) them further. Then we came up (with the decision) that pine was very good.
These exemplars of classroom and interview evidence support Arthur's own conclusion that his classroom practice had changed and he was "Really trying something different that I've never tried before. It seems to be working."
Eve: Eve also used to advantage the practical testing by students of materials for the construction of parachutes and indicated that "It gave me ideas for the parachutes and things which we did." Her Grade 7 students tested the strength of cottons and other materials in order to make judgments about their suitability for parachute cords, and used a "Similar technique to check the materials they were using for the canopy for the parachutes." In addition, possible materials for the parachute cords were tested to determine if they stretched under a weight equivalent to the load the parachutes had to transport safely to the ground. Eve talked the students through the elements of fair testing procedures and the need to control variables. Pieces of different materials, measuring 15cm x 15cm, for the parachute canopy were tested by dropping them from an upper level school veranda to "See how they floated down and held their shape." After conducting all the tests Eve noted:
They have to come up with three design options, choose one and then write down why they've chosen that particular one. They've got to have scientific reasons in there (their report), not just the fact that they like the pretty material. Then, as they're actually building, making the parachute, Eve, in acknowledging the mentoring efforts of Bella, one of the teachers at the forefront of syllabus implementation at the school, stated "At the end of term one, we got together. We sat down and we planned how we would do the grade 8/9 unit and I guess I've used the basis of that for the 7s (parachutes unit). It sort of was a way of showing us how to go about it."
Eve said she was spurred on to come to grips with the technology syllabus outcomes and how they could be integrated into the unit plan. Not content with her initial attempt at matching outcome statements and relevant levels of student learning, Eve sought further advice and clarification from the Lyn, the Principal. Subsequently, during a holiday period and with time to think in greater depth about unit planning Eve believed that she had "Pulled it all together,"
forming the elements of planning for teaching technology into a coherent framework that she could understand and use in her classroom.
Other instances where teachers reported the incorporation of ideas from professional development activities are summarised as follows: design challenges (e.g. Kay); design portfolios (e.g. Bella; Kay); and assessment criterion sheets (e.g. Kay; Eve; Arthur). Kay, Bella, Helen and Arthur were provided with the opportunity to present their units of work for critical analysis and discussion at cluster school and School District meetings with other teachers.
Discussion
In this section of the paper we will analyse the initial and ongoing issues evident in the findings that affected teachers' implementation of the new technology syllabus, and evaluate the effect of twenty years of technology education and research on the essentials of classroom syllabus implementation.
Qualitative and quantitative data from a variety of sources indicate that very specific personal and classroom issues (e.g., content; pedagogy) and broader issues related to the school environment and wider communities (e.g., resources; time; group networks) appeared to influence teachers' acceptance of challenges embodied in the new technology syllabus.
Initially, content and pedagogy issues were reflected in comments that referred to a need for knowledge about the new syllabus and its structure, and understandings about the content and processes of technology. Indeed, these issues may have caused three teachers to question their competence and confidence to teach technology.
Teachers' overall interest in, and motivation to, implement the new syllabus remained high throughout the study. Their motivation and positive attitudes may have been sustained through the school principal's professional leadership, commitment and ongoing support for the full implementation of the new technology syllabus. Therefore, the totality of personal and professional experiences may account for positive changes in most teachers' perceptions of their knowledge of technology content and processes, knowledge of the syllabus, and competence and confidence to teach technology. However, it is of concern that, in spite of the provision of extensive external and in-school professional development activities, including one-to-one peer mentoring sessions, two teachers still perceived that their technology content and pedagogical knowledge was inadequate.
With regard to broader issues related to the school environment, the majority of teachers rated the resource adequacy of the school as high. However, there were signs that some teachers, whose perceptions regarding the usefulness of the technology syllabus had been raised, were now demanding more and better access to resources of various kinds. Needs related to professional leadership and professional support were, in the majority of cases, being satisfied. The provision of adequate time for planning because of increased workload due to the advent of the new syllabus was an important initial and ongoing issue for a number of teachers. The concerns expressed by teachers about workload and time to fit a new subject into an already crowded school curriculum are similar to those identified by Thomson (2004) in her analysis of essential features of technology education in primary schools.
The findings also indicate that the totality of teachers' experiences enabled some teachers to make substantial changes to their teaching practice. For example, teachers became more aware of the need for students to have an understanding of the nature and properties of the materials they were working with before informed decisions could be made about the usefulness of those materials for the construction of artefacts. Controlled testing of the technological properties of materials eventuated from this approach. Positive experiences with problem solving approaches and the open-ended nature of those approaches were reported.
Strategies for initiating problem solving and engaging students with technology processes included presenting students with design challenges and/or design briefs. As teachers grappled with judging student achievement, assessment criteria sheets were developed with the assistance of a researcher, and some teachers began to develop design portfolios for each student in her/his class. Overall, teachers reported raised standards in classroom technology activities. In particular, substantive conversations and improved student motivation were noted. Teachers linked these changed student behaviours to changes in their pedagogy from teacher focused to learner focused approaches.
What aspects emergent from the findings could be linked to twenty years of technology education and associated research on the essentials of classroom syllabus implementation?
Many teachers at Farmland State School, when implementing the technology syllabus for the first time, encountered difficulties similar to those experienced by primary school teachers elsewhere. We too noted teachers' limited understandings of technology itself (Elton 2005; Jarvis & Rennie 1996) , limited understandings of technology concepts and processes (Holroyd & Harlen 1996; Parkinson 2001) , and they struggled to conceptualise technology within national and state frameworks (Mittell & Penny 1997; Stein et al. 2002) . Positive benefits for teachers appeared to accrue from a one day professional development program provided by the researchers in which materials and their properties were examined. This particular program had arisen from our own concerns about the importance of conceptual knowledge in technology, an issue examined by several researchers (e.g. Jones et al. 2001; McCormick 1997; McCormick 2004) .
No substantive evidence of the recognition by teachers of the complexity of design processes (e.g. Johnsey 1995; Kimbell & Parry 2001) could be observed in the collected data.
During the 20 week period of the study there appeared to be an adherence to a sequential approach that embodied four elements (Investigation, Ideation, Production, and Evaluation) of the Technology Practice strand of the Queensland Technology syllabus. The Technology Practice strand had been emphasised strongly in professional development programs and it may have been too soon in terms of syllabus implementation for busy teachers to recognise the cyclic or recursive nature of technology processes. It is clear that, but the potential exists for a mindset to be established where a linear approach to designing becomes entrenched (Anning 1997) . Strategies such as the use of design challenges and/or design briefs, which could be described as being part of the technology processes, were used to good effect by several teachers, mainly as a way of setting up problem solving scenarios for students. These scenarios could be identified as open-ended but focused teaching approaches (Twyford & Jarvinen 2000) , but there was no movement towards a problem based learning environment of the kind described by Doppelt (2003) , and Doppelt and Barak (2002) . The adoption of strategies such as design challenges, as well as the use of design portfolios can be attributed to teachers' experiences at professional development workshops. Teachers may benefit from the strategies suggested by Lee and Todd (2004) , for example, the focused development of design criteria for an artefact, and the use of planning formats (Jones & Moreland 2004) . Group work was typically used by the teachers but lacked the refinement of collaborative learning as advocated by Hennessy and Murphy (1999) , and few teachers allowed for student 'risk taking' in technological activity which is understandable at this early stage of syllabus implementation. Higher order thinking and questioning by the students of the kind suggested by Stables (1997) was noted but not capitalised on by the teachers during classroom interactions. Limited experiences with the technology syllabus and uncertainty about what to expect from students may have been reasons for teachers' reluctance to challenge students further to clarify their ideas or to think in-depth and creatively about solving problems.
Conclusions
Change, in the form of the introduction of a syllabus for a new learning area to a school, must be accompanied by effective support of various kinds so that all teachers become immersed in the content and processes of that learning area and acquire the capabilities and confidence to fully accept the challenges embodied in the implementation procedures. In this study, positive changes were noted in most teachers' personal perceptions of the syllabus implementation and their perceptions of the school environment. Important aspects of syllabus implementation procedures that may account for these changes were the teachers' engagement in a variety of professional development activities, and the strong support and commitment of the school principal to the full implementation of technology in Farmland school. At the stage the school had reached by the end of the research study, effective support must be provided to ensure the sustainability of the change.
It has been argued that twenty years of technology education and associated research has had some impact on the essentials of classroom syllabus implementation by teachers at programs. It is suggested that ways of making this store of knowledge and expertise more meaningful and accessible to teachers must be found. Recommendations for capitalising on this store of knowledge and expertise follow.
• The particular needs of individual teachers must be determined in a systematic manner. In this study, the Technology Syllabus Implementation Questionnaire was a useful instrument for identifying the needs of teachers, in particular, the specific requirements of those who may need additional help. Teachers should be given opportunities to recognise that their needs are similar to those of their colleagues elsewhere as reported in the technology education research literature, as well as allowing them to reflect upon and discuss their own technological knowledge. In the Queensland context, with a new syllabus to be implemented by teachers inexperienced in the subject area, this represents an important first step in effective syllabus implementation that may not be as relevant in jurisdictions where technology is well established.
• Teachers' specific needs must be targeted with focused professional development programs. The planning and implementation of these focused programs should acknowledge and draw upon the relevant technology education literature and associated research. The style of professional development encountered in schools and reported in this paper is often of a 'generic' type that targets broad areas of need. At this stage of implementation, with a teacher workforce that does not have widely shared conceptions or experiences of the KLA, it is vital that the individual needs of teachers are recognised and acted upon, thus enabling all teachers to develop sufficient confidence and skills to enact the KLA. Focused professional development programs, for example, should provide scaffolding that will enable teachers to investigate and discover the uniqueness of technology in terms of content and processes, and enable them to recognise that technology practice can be used as a way of integrating the teaching of other subject areas such as science and mathematics, which may alleviate their concerns about time and an overcrowded curriculum.
• Establishment of collaborative learning networks for teachers that "reach in" and "reach out" are essential. The mentoring partnership with the QUT researchers provided timely, highly contextual support for the teachers at Farmland school. The features of this "reach in" relationship teachers appeared to benefit most from included help with planning and assessment and the presence of a researcher in the classroom to act as a source of ideas and a critical friend. It is noted that the support from the QUT researchers was meaningful and accessible but, in hindsight, more attention could have been paid to embedding that support in the technology education literature to ensure richer and more meaningful experiences for the teachers, for example, in providing advice about collaborative learning environments for students, ways of developing students' creativity and problem solving skills, and providing teachers with planning tools for teaching and assessment.
• 
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